We propose a Goldstino model formulated in terms of a constrained complex linear superfield. Its comparison to other Goldstino models is given. Couplings to supersymmetric matter and supergravity are briefly described.
Introduction
Since the pioneering work of Volkov and Akulov [1, 2] in which they proposed the Goldstino action, there have appeared alternative formulations in which the Goldstino is described in terms of constrained N = 1 superfields. The most famous constructions are: (i) Roček's model [3] realized in terms of a constrained chiral superfield; (ii) the Lindström-Roček model [4] realized in terms of a constrained real scalar superfield; (iii) the Samuel-Wess model [5] which is formulated using a constrained spinor superfield. 3 What is missing in this list of Goldstino models is a realization involving a complex linear superfield. The present note is aimed at filling this gap. Our notation and conventions correspond to [8] .
Constrained complex linear superfield
A complex linear superfield Γ obeys the only constraintD 2 Γ = 0, and can be used to provide an off-shell description for the scalar multiplet (non-minimal scalar multiplet) [8, 9] . A modified complex linear superfield, Σ, is defined to satisfy the constraint
Here f is a parameter of mass dimension 2 which, without loss of generality, can be chosen to be real. The above constraint naturally occurs if one introduces a dual formulation for the chiral scalar model
with Φ being chiral. The general solution to the constraint (1) is
The free action for the complex linear superfield is
where we have introduced
It is seen from the component expression for S[Σ,Σ] that φ and ρ are physical fields while the rest of the fields are auxiliary.
It turns out that the above action is suitable to describe the Goldstino dynamics provided Σ is subject to the following nonlinear constraints:
The constraints can be seen to be compatible. Using (1), the second constraint can be rewritten in the form:
Any low-energy action of the form
reduces to (4) if Σ is subject to the nilpotent condition (6).
The general solution to the constraint (6) fixes φ and two of the auxiliary fields
Taking into account the second constraint, eq. (7), fixes all of the components as functions of the Goldstinoρ
Note that the simplicity of these solutions follows from the fact that the two constraints depend only on Σ and notΣ.
The Goldstino action that follows from (4) and (11) is
where, to ease the comparison with the standard literature on nonlinearly realized supersymmetry, we have introduced the coupling constant κ defined by 2κ 2 = f −2 . We have also introduced the notation
and let M denote the matrix trace of any matrix, M = (M a b ), with Lorentz indices.
The above action proves to be the same as the component action described by Samuel and Wess [5] (see, e.g., eq. (41) of [10] ). The reason for this will be explained shortly.
It is instructive to compare the constraints (6) and (7) with those corresponding to Roček's Goldstino action [3] . The latter model is described by a chiral scalar Φ,
constrained as follows:
where the parameter can also be chosen real. The constraint (16) mixes Φ and its conjugateΦ, while (7) involves Σ only. The complete solution to the constraints (15) and (16) can be found in [3, 10] .
Naturally associated with Σ andΣ are the spinor superfields Ξ α and its conjugateΞα defined by
Making use of the constraints (1), (6) and (7), we can readily uncover those constraints which are obeyed by the above spinor superfields. They arē
where, as above, 2κ 2 = f −2 . These are exactly the constraints given in [5] , so we recognise Ξ α as the Samuel-Wess superfield. This connection is discussed in more detail in the next sections. It appears that the Goldstino realization in terms of Σ andΣ is somewhat more fundamental than the one described by eqs. (18) and (19) .
Comparison to other Goldstino models
The two most basic Goldstino models start with the nonlinear Akulov-Volkov (AV) supersymmetry [2] 
and the chiral nonlinear AV supersymmetry
The latter supersymmetry first appeared in [11] before being discussed in [6] and [3] . It was then central to the approach of Samuel and Wess [5] that we discuss below.
As discussed in [12] , the AV supersymmetry is naturally associated with a real scalar superfield (also known as "vector superfield" in the early supersymmetry literature), while the chiral AV supersymmetry is associated with a chiral scalar. Constraints that eliminate all fields but the Goldstino have previously been given for both of these types of superfields. The first was for the chiral scalar, Φ, where Roček [3] introduced the constraints (15) and (16) . The relevant constraints for the real scalar,
were given by Lindström and Roček [4] . The first constraint in both of these sets is a nilpotency constraint, while the second is such that the free action is equivalent to a pure F -or D-term respectively. This latter property is not one possessed by the second constraint (7) for the complex linear superfield.
The constraints for both the chiral and real scalar superfields were solved in [5] in terms of the spinor Goldstino superfield
The actions of the supercovariant derivatives D α andDα on Ξ α follow from the supersymmetry transformation (21) and are exactly the constraints presented in (18) and (19) . The solutions for the constrained superfields that were given in [5] are
From these solutions, it is straightforward to check that f V = ΦΦ.
It is interesting to note that exactly the same solutions work,
if we replace Ξ with the spinor Goldstino superfield that follows from the normal AV supersymmetry (see, e.g., [13] )
Using (20), the actions of the supercovariant derivatives on this superfield are [13] 
The projection to the components of (25) immediately reproduces the results of [3] and gives the relation between the constrained superfield Goldstino models and the (chiral) AV Goldstino.
For the complex linear superfield Σ, the solution to the constraints (1), (6) and (7) in terms ofΞα is very simple:
Projection to components yields ρ α = ξ α and the component solutions (11) . So we see that the model proposed in this paper is the natural constrained superfield to associate with the chiral AV Goldstino and the Samuel-Wess superfield (23) can be considered derivative (17) . The Roček and Lindström-Roček superfields can both be constructed from the complex linear scalar as
Unlike the chiral and real superfield cases, the solution of the complex linear constraints in terms of the superfield Λ α is different from that using Ξ α . Some work gives
Couplings to matter and supergravity
Complex linear superfields are ubiquitous in N = 2 supersymmetry in the sense that any off-shell N = 2 hypermultiplet without intrinsic central charge contains a complex linear scalar as one of its N = 1 components, see e.g. [14] for a review. This is one of the reasons to believe that the construction presented in this paper is of interest.
The constraints (1) and (7) admit nontrivial generalizations such as
for some (composite) chiral scalar X possessing a non-vanishing expectation value. Such constraints 4 are compatible with the nilpotency condition (6). This makes it possible to construct couplings of the Goldstino to matter fields. For example, we can choose
, where G 1 and G 2 are arbitrary holomorphic functions of some matter chiral superfields ϕ, W α is the field strength of a vector multiplet and the trace is over the gauge indices. The resulting Goldstino-matter couplings can be compared with those advocated recently by Komargodski and Seiberg [18] . In the approach of [18] , the Goldstino is described by a chiral superfield Φ subject to the nilpotent constraint (15) . Matter couplings for the Goldstino in [18] are generated simply by adding suitable interactions to the Lagrangian. 5 In our case, the Goldstino superfield Σ also obeys the nilpotency condition Σ 2 = 0, along with the differential constraints (1) and (7). Matter couplings can be generated by deforming the latter constraints to the form given by eqs.
(31) and (32). Similarly to the analysis in section 2, the constraints (6) and (31) can be solved in terms of the Goldstinoρα and two more independent fields U αα andχα. The latter fields become functions of the Goldstino and matter fields upon imposing the constraint (32). The supersymmetry remains off-shell!
We also note that the constraints (31) and (32) can be further generalized to allow for a coupling to an Abelian vector multiplet; this requires replacing the covariant derivatives in (31) and (32) by gauge-covariant ones and turning X into a covariantly chiral superfield, with X and Σ having the same U(1) charge.
The constraints (1) and (7) can naturally be generalised to supergravity 6 as
4 Modified linear constraints of the form (31) were first introduced in [15] and naturally appear, e.g., when one considers "massive" off-shell N = 2 sigma-models [16] in projective superspace [17] . 5 The complex auxiliary field F contained in Φ is to be eliminated using its resulting equation of motion, which renders the supersymmetry on-shell. 6 Our conventions for N = 1 supergravity correspond to [8] .
for some covariantly chiral scalar X. Here D A = (D a , D α ,Dα) denote the superspace covariant derivative corresponding to the old minimal formulation [19] for N = 1 supergravity, and R the covariantly chiral scalar component of the superspace torsion described in terms of R, G αα and W αβγ (see [8, 9, 13 ] for reviews). The constraints (33) and (34) have to be accompanied by the nilpotency condition (6) . As an example, consider the simplest case when X is constant. We represent X = ( √ 2κ) −1 = const, where κ can be chosen to be real. As a minimal generalization of (17), we now introduce spinor superfields
Σ. Using the constraints (6), (33) and (34), we can derive closed-form constraints obeyed, e.g., byΞα. They arē
where G αα is the supergravity extension of the traceless Ricci tensor (see [8, 9, 13] for more details). The constraints (35) and (36) were introduced by Samuel and Wess [5] as a result of the nontrivial guess work (these constraints are non-minimal generalizations of (18) and (19)). In our approach, these constraints are trivial consequences of the formulation in terms of the complex linear Goldstino superfield.
We believe that our results will provide a useful contribution to the existing literature on Goldstino couplings to supersymmetric matter and supergravity, see [5, 6, 18, 20, 21, 22] and references therein.
